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D Stepping motor 

r) A stepping motor according to the present 
invention comprises a cylindrical permanent 
magnet (5) on whose outer periphery N and S 
poles are alternately polarized, a rotatably- 
supported rotor (4), a plurality of stator cores 
(3a., ,382,3^^2) having pole teeth (12) arranged 
so as to face the permanent magnet, an exciting 
coil (9a,9b) for rotating the rotor when the coil is 
turned on, and at least two protruded teeth 
serving as auxiliary poles which face the cylin- 
drical surface of the permanent magnet so as to 
generate a detent torque when it is magnetized 
by the permanent magnet. And each of the 
protruded teeth faces the consecutive N an S 
poles of the permanent magnet. 



FIG.1 



1 11 6 4 5 12 3a1 




18, rue SainWJenis, 75001 PARIS 



1 



EP 0 689 278 A1 



2 



CROSS REFERENCE TO RELATED APPLICATION 

This application is based upon and claims priority 
from Japanese Patent Application No. Hei. 6-134240 
filed June 1 6, 1 994, No. Hei. 6-21 2702 filed Septem- 
ber 6, 1994, and No. Hei. 6-238890 filed October 3, 
1994, the contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a stepping motor, 
particularly to a PM-type stepping motor with a simple 
constitution making it possible to increase the detent 
torque for a rotor thereof. 

2. Related Art 

In the case of an existing generally-known PM-ty- 
pe stepping motor, a permanent magnet formed on 
the outer periphery of a rotor effects a magnetic cir- 
cuit together with a stator core when the stator core 
is not excited by an exciting coil wound on the stator 
core. The rotor is moved to a stable position by the 
magnetic circuit and a detent torque is generated be- 
tween the rotor and the stator core. When this type of 
the stepping motor is used for, for example, adjusting 
an opening degree of a valve for controlling the 
amount of suction air of an engine or driving a suspen- 
sion-damping-force adjusting actuator, the detent tor- 
que is very important which holds the rotor so that the 
rotor does not rotate when the stepping motor stops. 

Therefore, a stepping motor is recently devised 
which can increase the detent torque for a rotor or ad- 
just the maximum detent torque responsive to a rota- 
tion angle of the rotor. For example, the stepping mo- 
tor disclosed in the official gazette of Japanese Pa- 
tent Application Laid Open No. Sho. 60-16363 previ- 
ously applied by the applicant of the present invention 
et al. is listed as the above type of stepping motor. 
This stepping motor is provided with a second stator 
core which has teeth two times larger than the num- 
ber of poles of a permanent magnet at positions fac- 
ing the permanent magnet, which is made of a mag- 
netic material, and which is not influenced by magnet- 
ic flux from an exciting coil. The detent torque for a 
rotor is increased because the generative torque gen- 
erated by a magnetic circuit effected by the second 
stator core is synthesized with the generative torque 
generated by each stator core. As shown in Fig. 37, 
protrusions 101 two times larger than the number of 
poles of a permanent magnet at the outer periphery 
of a rotor 5 are formed on a second stator core 100 
and two protruded teeth are arranged by facing each 
other every N and S poles so as to serve as auxiliary 
poles for generating the detent torque when the step- 



ping motor is turned off. Detailed description of the 
constitution is omitted because the constitution is de- 
scribed in the above official gazette in detail. 

Fig. 38 shows a model diagram of a magnetic cir- 
5 cuit excited by a permanent magnet when a stepping 
motor having the above second stator core 100 is 
turned off. 

A magnetomotive force generated by the perma- 
nent magnet formed on the outer periphery of a rotor 

w 5 works on pole teeth 21 to 24 formed on stator cores 
90a1, 90a2, 90b1, and 90b2 and therefore, magnetic 
circuits A3 and B3 are effected. In this case, the pole 
tooth 21 is formed on the stator core 90a1, the pole 
tooth 22 is formed on the stator core 90a2, the pole 

is tooth 23 is formed on the stator core 90b1, and the 
pole tooth 24 is formed on the stator core 90b2. The 
electromotive force also works on each protrusion 
101 of the second stator core 1 00 and therefore, mag- 
netic circuits C3 and D3 are effected. These magnetic 

20 circuits A3, B3, C3, and D3 generate the detenttorque 
for the rotor. 

Figs. 39A to 39E show a torque generation state 
of each of the magnetic circuits A3, B3, C3, and D3 
when the stepping motor is turned off and Fig. 39F 

25 shows the detent torque for the rotor generated by 
synthesis of each torque. In detail, in Fig. 39F, x axis 
shows rotation angle of the rotor and y axis shows a 
generative torque, and the fluctuation of a detent tor- 
que in four step angles is shown. 

30 Fig. 39C shows a torque obtained by synthesizing 
the generative torque A4 generated by the magnetic 
circuit A3 shown in Fig. 39Aand the generative torque 
B4 generated by the magnetic circuit B3 shown in Fig. 
39B. In the case of the synthesized torque, the cycle 

35 in which the maximum torque is generated is halved 
compared to the cases of the torques A4 and B4, and 
the maximum torque becomes lower than that of the 
torques A4 and B4. However, it is possible to increase 
the maximum detent torque shown in Fig. 39F com- 

ao pared to the maximum value of the synthesized tor- 
que shown in Fig. 39C by adding the generative tor- 
que C4 generated by the magnetic circuit C3 shown 
in fig. 39D and the generative torque D4 generated by 
the magnetic circuit D3 shown in Fig. 39E. Thus, the 

45 detent torque for the rotor is increased when the step- 
ping motor is turned off so that a rotor or shaft is not 
rotated due to vibrations of the stepping motor. 

However, to further increase the detent torque for 
the rotor with the existing constitution when the step- 
so ping motor is turned off, it is necessary to use a meth- 
od for increasing a thickness of the each protrusion 
formed on the second stator core or a method for en- 
hancing a magnetic force by increasing the physical 
constitution of the permanent magnet of the rotor. 

55 When using these methods, problems occur that the 
size and the cost of the stepping motor increase. 
Moreover, increase of the physical constitution of the 
permanent magnet causes the rotor weight to in- 
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crease and the performance of the stepping motor to 
deteriorate. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention 
to provide a stepping motor with a simple constitution 
making it possible to greatly increase the detent tor- 
que when the stepping motor is turned off compared 
to an existing stepping motor. 

To solve the above problems, a stepping motor of 
the present invention comprises a rotor provided with 
a cylindrical permanent magnet on whose outer per- 
iphery N and S poles are alternately polarized and 
which is rotatably supported, a plurality of hollow dis- 
coid stator cores having pole teeth arranged on the 
permanent magnet at predetermined intervals so as 
to be faced each other in an inner circumference 
thereof, an exciting coil wound on the stator cores to 
magnetize the pole teeth of the stator cores when it 
is turned on and thereby rotate the rotor, and at least 
two protruded teeth serving as auxiliary poles ar- 
ranged on the cylindrical surface of the permanent 
magnet to be faced each other so as to generate a de- 
tent torque by being magnetized by the permanent 
magnet when the exciting coil is turned off; in which 
each of the protruded teeth is arranged so as to face 
the continuous N and S poles of the permanent mag- 
net. 

In the case of the stepping motor of the present 
invention described above, at least two protruded 
teeth for generating a detent torque are arranged so 
that each of the protruded teeth faces one magnetic 
pole of a permanent magnet. Thereby, at least two 
protruded teeth are magnetized by the permanent 
magnet when the stepping motor is turned off and a 
magnetic circuit is effected. When the magnetic cir- 
cuit is effected, the torque for holding a rotor is gen- 
erated. Though the torque for holding a rotor is also 
generated by pole teeth formed on the stator cores, it 
is very weak for stepping motors other than a step- 
ping motor using a permanent magnet having a very 
strong magnetic force. Therefore, as described 
above, a large detent torque can be obtained by the 
fact that the torque generated by the protruded teeth 
is synthesized with the torque generated by the pole 
teeth. 

Moreover, it is possible to use a stepping motor in 
which the protruded teeth equal to the number of 
poles of the permanent magnet are formed. In this 
case, larger detent torque can be generated because 
the effected number of magnetic circuits increases 
compared to the case of the stepping motor described 
above. However, it is necessary to form protruded 
teeth so that each of them corresponds to one mag- 
netic pole of a permanent magnet. 

Furthermore, it is possible to use a stepping mo- 
tor in which the protruded teeth are formed so that the 



interval between adjacent protruded teeth is almost 
constant The detent torque can efficiently be in- 
creased because flux densities of magnetic circuits 
are uniformed by forming protruded teeth at constant 

5 intervals. 

Furthermore, it is possible to use a stepping mo- 
tor in which the protruded teeth are formed so that the 
width of the protruded teeth in the circumferential di- 
rection of the permanent magnet is smaller than that 

10 of each magnetic pole of the permanent magnet. 

Furthermore, it is possible to use a stepping mo- 
tor in which the protruded teeth are arranged around 
the center of the cylindrical height of the permanent 
magnet. In this case, still larger detent torque can be 

is obtained by forming protruded teeth around the cen- 
ter of the cylindrical height of a permanent magnet. 
This is because a magnetomotive force of the perma- 
nent magnet decreases at the both sides of the per- 
manent magnet and protruded teeth cannot strongly 

20 be magnetized if the protruded teeth are formed 
around there. 

Furthermore, it is possible to use a stepping mo- 
tor in which a hollow discoid second stator core made 
of a magnetic material and arranged in parallel with 

25 the plurality of stator cores is included and the pro- 
truded teeth are integrated with an inner circumfer- 
ence of the second stator core. Also in this case, it is 
necessary to form protruded teeth so that one pro- 
truded tooth or less corresponds to one magnetic 

30 pole of a permanent magnet. Thereby, the protruded 
teeth are magnetized by the permanent magnet start- 
ing with the front ends of them when a stepping motor 
is turned off. Then, magnetic circuits are effected be- 
tween the adjacent protruded teeth and the perma- 

35 nent magnet by passing through the second stator 
core. Thereby, the detent torque can be increased. 

Furthermore, it is possible to use a stepping mo- 
tor in which the protruded teeth are integrated with at 
least one of the plurality of stator cores. In this case, 

40 when all protruded teeth are formed on one stator 
core, a magnetic circuit is effected which passes 
through the protruded teeth receiving a magnetomo- 
tive force from a permanent magnet and a stator core 
with the protruded teeth formed on it 

45 Furthermore, it is possible to use a stepping mo- 
tor in which the plurality of stator cores are provided 
with a group of first-line pole teeth formed by two sta- 
tor cores arranged so that pole teeth directed in op- 
posite directions formed on the two stator cores re- 

50 spectively are engaged each other and a group of 
second-line pole teeth formed by other two stator 
cores arranged in the same way with the two stator 
cores and the second stator core is arranged between 
a stator core having the group of first-line pole teeth 

55 and a stator core having the group of second-line pole 
teeth. 

Furthermore, it is possible to use a stepping mo- 
tor in which pole teeth in the pole tooth group forming 
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the first line and pole teeth in the pole tooth group 
forming the second line are arranged so that the pos- 
itions of them in the circumferential direction on the 
outer surface of the permanent magnet are deviated 
from each other by a predetermined distance and the 
protruded teeth of the second stator core are ar- 
ranged at mid-position between the closest pole teeth 
oriented in the same direction in the pole tooth group 
forming the first line and the pole tooth group forming 
the second line. When the phase of a pole tooth of 
each protruded tooth is set as described above in or- 
der to set the second stator core having protruded 
teeth equal to the number of magnetic poles of a per- 
manent magnet, it is possible to efficiently increase 
the maximum detent torque, for example, when two- 
phase-exciting a stepping motor. Moreover, it is pos- 
sible to make a detent position of a stepping motor 
when the stepping motor is turned on coincide with a 
detent position of the stepping motor when the step- 
ping motor is turned off. 

Furthermore, it is also possible to use a stepping 
motor in which pole teeth in the pole tooth group form- 
ing the first line and pole teeth in the pole tooth group 
forming the second line are arranged so that the pos- 
itions of them in the circumferential direction on the 
outer surface of the permanent magnet are deviated 
from each other by a predetermined distance and the 
protruded teeth of the second stator core are ar- 
ranged at mid-position between the closest pole teeth 
oriented in the opposite direction in the pole tooth 
group forming the first line and the pole tooth group 
forming the second line. Also in this case, when the 
phase of a pole tooth of each protruded tooth is set 
as described above in order to set the second stator 
core having protruded teeth equal to the number of 
magnetic poles of a permanent magnet, it is possible 
to efficiently increase the maximum detent torque, for 
example, when two-phase-exciting a stepping motor. 
Moreover, it is possible to make a detent position of a 
stepping motor when the stepping motor is turned on 
coincide with a detent position of the stepping motor 
when the stepping motor is turned off. 

Furthermore, it is possible to use a stepping mo- 
tor in which pole teeth in the pole tooth group forming 
the first line and pole teeth in the pole tooth group 
forming the second line are arranged so that the pos- 
itions of them in the circumferential direction on the 
outer surface of the permanent magnet are deviated 
from each other by a predetermined distance and the 
positions of the protruded teeth of the second stator 
core coincide with the positions of the pole teeth in 
either of the pole tooth group forming the first line and 
the pole tooth group forming the second line. By ar- 
ranging protruded teeth as described above, it is pos- 
sible to make a detent position when a one-phase-ex- 
citing-type stepping motor is turned on forcibly coin- 
cide with a detent position when the stepping motor 
is turned off. That is, though a detent position (angle) 



of a one-phase-exciting-type stepping motor when 
the stepping motor is turned on is deviated from a de- 
tent position (angle) of the stepping motor due to a tor- 
que generated by pole teeth when the stepping motor 

5 is turned off, it is possible to not only increase a detent 
torque but also uniform the step angles when the tor- 
que generated by the pole teeth is synthesized with 
the torque generated by the protruded teeth because 
the latter torque is slightly larger than the former tor- 

w que. 

Furthermore, it is possible to use a stepping mo- 
tor in which the plurality of stator cores are provided 
with a group of first-line pole teeth formed by two sta- 
tor cores arranged so that pole teeth directed in op- 

15 posite directions formed on the two stator cores re- 
spectively are engaged each other and a group of 
second-line pole teeth formed by other two stator 
cores in the same way with the two stator cores and 
the protruded teeth are integrated with at least one of 

20 a stator core arranged at a position close to the pole 
tooth group forming the second line of the two stator 
cores provided with the pole tooth group forming the 
first line and a stator core arranged at a position close 
to the pole tooth group forming the first line of the two 

25 stator cores provided with the pole tooth group form- 
ing the second line. 

Furthermore, it is possible to use a stepping mo- 
tor in which the plurality of stator cores are provided 
with a group of first-line pole teeth formed by two sta- 

30 tor cores arranged so that pole teeth directed in op- 
posite directions formed on the two stator cores re- 
spectively are engaged each other and a group of 
second-line pole teeth formed by other two stator 
cores in the same way with the two stator cores and 

35 the protruded teeth are divided and integrated with a 
stator core arranged at a position close to the pole 
tooth group forming the second line among the two 
stator cores provided with the pole tooth group form- 
ing the first line and a stator core arranged at a pos- 

40 ition close to the pole tooth group forming the first line 
among the two stator cores provided with the pole 
tooth group forming the second line respectively. In 
this case, because protruded teeth are divided and 
formed on two stator cores, it is possible to form a 

45 magnetic circuit so as to pass between stator cores 
contacting each other. As describe above, when pro- 
truded teeth are divided and arranged on each stator 
core, a strong detent torque can efficiently be gener- 
ated because the protruded teeth are arranged 

so around the center of the cylindrical height of the per- 
manent magnet. 

Furthermore, it is possible to use a stepping mo- 
tor in which pole teeth in the pole tooth group forming 
the first line and pole teeth in the pole tooth group 

55 forming the second line are arranged so that the pos- 
itions of them in the circumferential direction on the 
outer surface of the permanent magnet are deviated 
from each other by a predetermined distance and the 
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protruded teeth are arranged at mid-position be- 
tween the closest pole teeth oriented in the same di- 
rection in the pole tooth group forming the first line 
and the pole tooth group forming the second line. Ac- 
cording to the above construction, also when protrud- 
ed teeth are integrated with a stator core, it is possible 
to obtain the same function from a stepping motor to 
be operated by the two-phase excitation method by 
arranging the protruded teeth as described above. 

Furthermore, it is possible to use a stepping mo- 
tor in which pole teeth in the pole tooth group forming 
the first line and pole teeth in the pole tooth group 
forming the second line are arranged so that the pos- 
itions of them in the circumferential direction on the 
outer surface of the permanent magnet are deviated 
from each other by a predetermined distance and the 
protruded teeth are arranged on the stator core at 
mid-position between the closest pole teeth oriented 
in the opposite direction in the pole tooth group form- 
ing the first line and the pole tooth group forming the 
second line. According to the above construction, 
also when protruded teeth are integrated with a stator 
core, it is possible to obtain the same function from a 
stepping motor to be operated by the two-phase ex- 
citation method by arranging the protruded teeth as 
described above. 

Furthermore, it is possible to use a stepping mo- 
tor in which pole teeth in the pole tooth group forming 
the first line and pole teeth in the pole tooth group 
forming the second line are arranged so that the pos- 
itions of them in the circumferential direction on the 
outer surface of the permanent magnet are deviated 
from each other by a predetermined distance and the 
protruded teeth are formed on the stator cores so that 
the positions of the protruded teeth coincide with the 
positions of the pole teeth in either of the pole tooth 
group forming the first line and the pole tooth group 
forming the second line. By arranging protruded teeth 
as described above, it is possible to make a detent 
position when a one-phase-exciting-type stepping 
motor is turned on forcibly coincide with a detent pos- 
ition when the stepping motor is turned off. That is, 
though a detent position (angle) of a one-phase-ex- 
citing-type stepping motor when the stepping motor is 
turned on is deviated from a detent position (angle) 
of the stepping motor due to a torque generated by 
pole teeth when the stepping motor is turned off, it is 
possible to not only increase a detent torque but also 
uniform the step angles when the torque generated 
by the pole teeth is synthesized with the torque gen- 
erated by the protruded teeth because the latter tor- 
que is slightly larger than the former torque. 

Furthermore, it is possible to use a stepping mo- 
tor in which the portions of the protruded teeth facing 
the permanent magnet are formed into curved surfac- 
es. In this case, because the portion of a protruded 
tooth facing a permanent magnet is formed into a 
curved surface, it is possible to receive a large mag- 



netomotive force from the permanent magnet and ob- 
tain a large maximum detent torque. 

Furthermore, it is possible to use a stepping mo- 
tor in which a detent torque generated by the protrud- 

5 ed teeth is adjusted to any value by changing the area 
of the portion of the protruded tooth facing the perma- 
nent magnet. According to the above construction, it 
is possible to adjust the torque generated by protrud- 
ed teeth and also adjust the maximum detent torque 

10 obtained by synthesizing the above torque in accor- 
dance with the specification of a stepping motor. 

Furthermore, it is possible to use a stepping mo- 
tor in which a detent torque generated by the protrud- 
ed teeth is adjusted to any value by setting the dis- 

15 tance between the front end of the protruded teeth 
and the cylindrical surface of the permanent magnet 
to a desired value. Also, according to the above con- 
struction, it is possible to adjust the torque generated 
by protruded teeth and also adjust the maximum de- 

20 tent torque obtained by synthesizing the above torque 
in accordance with the specification of a stepping mo- 
tor. 

Furthermore, it is possible to use a stepping mo- 
tor in which the pole teeth formed on the plurality of 
25 stator cores are pectinate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present in- 
30 vention will be appreciated, as well as methods of op- 
eration and the function of the related parts, from a 
study of the following detailed description, the ap- 
pended claims, and the drawings, all of which form a 
part of this application. In the drawings: 

35 

[Brief Description of the Drawings] 

Fig. 1 is a sectional view showing the constitution 
of a stepping motor of the present invention in 

40 which a protruded tooth serving as an auxiliary 
pole is formed around the center of the cylindrical 
height of a permanent magnet; 
Fig. 2 is an ll-ll sectional view of Fig. 1; 
Fig. 3 is a model diagram showing the positional 

45 relation between pole teeth forming first and sec- 
ond lines and protruded teeth formed on each 
stator core in the first embodiment; 
Fig. 4 is a model diagram showing the positional 
relation between protruded teeth distributed to 

so two stator cores and pole teeth in the first em- 
bodiment; 

Figs. 5A to 5C are characteristic diagrams show- 
ing how each torque and a detent torque are gen- 
erated in a stepping motor in the first embodi- 
55 ment; 

Fig. 6 is a model diagram showing the positional 
relation between protruded teeth and pole teeth 
in a stepping motor showing a modification of the 
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first embodiment; 

Figs. 7Ato 7C are characteristic diagrams show- 
ing how each torque and a detent torque are gen- 
erated in the stepping motor in Fig. 6; 
Fig. 8 is a model diagram showing the positional s 
relation between pole teeth forming first and sec- 
ond lines and protruded teeth formed on each 
stator core in the second embodiment; 
Figs. 9A to 9C are characteristic diagrams show- 
ing how each torque and a detent torque are gen- i o 
erated in a stepping motor in the second embodi- 
ment; 

Fig. 10 is a model diagram showing the positional 
relation between protruded teeth and pole teeth 
in a stepping motor showing a modification of the 15 
second embodiment; 

Figs. 11 A to 11C are characteristic diagrams 
showing how each torque and a detent torque are 
generated in the stepping motor shown in Fig. 10; 
Fig. 12 is a perspective diagram showing the con- 20 
stitution of each stator core on which a protruded 
tooth serving as an auxiliary pole is formed be- 
tween pole teeth in the third embodiment; 
Fig. 13 is a model diagram showing the positional 
relation between pole teeth forming first and sec- 25 
ond lines and protruded teeth formed on each 
stator core in the third embodiment; 
Fig. 14 is a model diagram showing the positional 
relation between protruded teeth distributed to 
two stator cores and pole teeth in the third em- 30 
bodiment; 

Fig. 1 5 is an illustration showing the positional re- 
lation between each protruded tooth and each 
magnetic pole of a permanent magnet formed on 
a rotor which are faced each other in the third em- 35 
bodiment; 

Figs. 16A to 16C are characteristic diagrams 
showing how each torque and a detent torque are 
generated in the stepping motor in the third em- 
bodiment; 40 
Fig. 1 7 is a perspective diagram showing the con- 
stitution of each stator core on which a protruded 
tooth serving as an auxiliary pole is formed be- 
tween pole teeth in the fourth embodiment; 
Fig. 1 8 is a model diagram showing the positional 45 
relation between pole teeth forming first and sec- 
ond lines and protruded teeth formed on each 
stator core in the fourth embodiment; 
Fig. 1 9 is a perspective diagram showing the con- 
stitution of each stator core on which a protruded 50 
tooth serving as an auxiliary pole is formed be- 
tween pole teeth in the fifth embodiment; 
Fig. 20 is a model diagram showing the positional 
relation between pole teeth forming first and sec- 
ond lines and protruded teeth formed on each 55 
stator core in the fifth embodiment; 
Fig. 21 is a model diagram showing the positional 
relation between protruded teeth distributed to 



two stator cores and pole teeth in the fifth em- 
bodiment; 

Figs. 22A to 22C are characteristic diagrams 
showing how each torque and a detent torque are 
generated in the stepping motor in the fifth em- 
bodiment; 

Fig. 23 is a perspective diagram of a stator core 
in the sixth embodiment; 
Fig. 24 is a perspective diagram showing the con- 
stitution of a stator core on which a protruded 
tooth serving as an auxiliary pole is formed be- 
tween pole teeth in the seventh embodiment; 
Fig. 25 is a model diagram showing the positional 
relation between pole teeth forming first and sec- 
ond lines and protruded teeth formed on each 
stator core in the seventh embodiment; 
Fig. 26 is an illustration showing the positional re- 
lation between each protruded tooth and each 
magnetic pole of a permanent magnet formed on 
a rotor which are faced each other in the seventh 
embodiment; 

Figs. 27A to 27C are characteristic diagrams 
showing how each torque and a detent torque are 
generated in the stepping motor in the seventh 
embodiment; 

Fig. 28 is a perspective diagram showing the con- 
stitution of a stator core on which a protruded 
tooth serving as an auxiliary pole is formed be- 
tween pole teeth in the eighth embodiment; 
Fig. 29 is a model diagram showing the positional 
relation between pole teeth forming first and sec- 
ond lines and protruded teeth formed on each 
stator core in the eighth embodiment; 
Figs. 30A to 30C are characteristic diagrams 
showing how each torque and a detent torque are 
generated in the stepping motor in the eighth em- 
bodiment; 

Fig. 31 is a model diagram showing the positional 
relation between protruded teeth distributed to 
two stator cores and pole teeth in the ninth em- 
bodiment; 

Fig. 32 is a perspective diagram showing the con- 
stitution of each stator core on which a protruded 
tooth serving as an auxiliary pole is formed in the 
ninth embodiment; 

Fig. 33 is a model diagram showing the positional 
relation between protruded teeth distributed to 
two stator cores and pole teeth in the tenth em- 
bodiment 

Fig. 34 is a perspective diagram showing the con- 
stitution of each stator core on which a protruded 
tooth serving as an auxiliary pole is formed in the 
tenth embodiment; 

Fig. 35 is a front view of an actuator employing a 
stepping motor of the present invention; 
Fig. 36 is a sectional view of the actuator in Fig. 
35; 

Fig. 37 is an illustration showing the relation be- 
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tween a protruded tooth and a permanent mag- 
net of an existing stepping motor; 
Fig. 38 is a model diagram showing the relation 
between pole teeth and protruded teeth forming 
first and second lines and a magnetic circuit form- 
ing state in the existing stepping motor; and 
Figs. 39A to 39F are characteristic diagrams 
showing how each torque and a detent torque are 
generated in the existing stepping motor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Stepping motors of the present invention are de- 
scribed below by referring to the accompanying draw- 
ings. 

The first embodiment of the present invention is 
described below by referring to Figs. 1 to 5. 

Fig. 1 is a view showing the constitution of a step- 
ping motor of the present invention, which is a sec- 
tional view showing the constitution in which protrud- 
ed teeth which are a feature of the present invention 
are arranged on a second stator core so as to be faced 
with a permanent magnet. Fig. 2 is an ll-ll sectional 
view of Fig. 1 . 

First, the constitution of a stepping motor 50 is 
described below by referring to Fig. 1. Afirst housing 
1 made of a magnetic material and formed like a cup 
and a second housing 2 made of a non-magnetic ma- 
terial and formed like a disk are mutually secured by 
not-illustrated screws to form a frame. Bearings 6 and 
7 are secured in the frame and a rotor 4 is rotatably 
supported by the bearings 6 and 7. The rotor 4 is pro- 
vided with a permanent magnet 5 on its outer periph- 
ery. Moreover, a shaft 8 with the same central axis as 
the rotor 4 is secured to the rotor 4. Stator cores 3a1 , 
3a2, 3b1 , and 3b2 serving as stator poles are secured 
to the inner surface of the first housing 1 facing the 
rotor 4 at a space 11 therebetween. Pole teeth 12 to 
15 are formed on the inner peripheries of the stator 
cores 3a1 , 3a2, 3b1 , and 3b2 facing the rotor 4 as de- 
scribed later by referring to Fig. 3. Exciting coils 9a 
and 9b for exciting the stator cores 3a1 , 3a2, 3b1 , and 
3b2 insulated by a not-illustrated insulating material 
from each other are wound inside the stator cores 
3a1 , 3a2, 3b1 , and 3b2. A second stator core 1 0 made 
of a magnetic material is disposed between the stator 
cores 3a1 , 3a2, 3b1 , and 3b2. The second stator core 
10 may be disposed in parallel with the stator cores 
3a1, 3a2, 3b1, and 3b2 so as to face the permanent 
magnet 5. For example, it is possible to dispose the 
second stator core 10 so as to contact either of the 
stator cores 3a1 and 3b2. 

As shown in Fig. 2, protruded teeth 10a equal to 
the number of magnetic poles on the permanent mag- 
net 5 are formed on the inner circumference of the hol- 
low discoid second stator core 10 facing the perma- 
nent magnet 5 at equal intervals. That is, the number 



of protruded teeth 10a is equal to half the number of 
protruded teeth of the second stator core of the step- 
ping motor described by referring to Figs. 37 to 39 in 
the "Related Art". The faces of the protruded teeth 

5 10a facing the permanent magnet are formed into 
curved surfaces which are advantageous to generate 
a large detent torque in view of the following point. 
That is, because magnetic flux of the permanent mag- 
net 5 normally vertically enters the faces of the pro- 

10 truded teeth 1 0a facing the permanent magnet 5, in- 
fluence of the magnetic flux can be received from 
wide area on the cylindrical surface of the permanent 
magnet 5 by forming the faces of the protruded teeth 
10a facing the permanent magnet 5 into curved sur- 

J5 faces. In Fig. 2, one protruded tooth 10a is set for N 
and S poles one each at equal intervals on the inner 
circumference of the second stator core 10. However, 
it is also possible to arrange only the protruded teeth 
10a formed on the portion E and disuse other protrud- 

20 ed teeth. That is, it is possible to increase the detent 
torque of the stepping motor 50 by arranging at least 
two protruded teeth so as to face the consecutive N 
and S poles of the permanent magnet 5. Therefore, it 
is possible to arrange two consecutive protruded 

25 teeth 10a on each pole of the permanent magnet 5 
and also two consecutive protruded teeth 10a on 
each pole of the permanent magnet 5 at the opposite 
side to the center of the disk of the second stator core 
10. 

30 Fig. 4 is a model diagram showing the positional 
relation between pole teeth 1 2, 1 3, 1 4, and 1 5 formed 
on the stator cores 3a1, 3a2, 3b1, and 3b2 on one 
hand and the protruded teeth 10a on the other. The 
positional relation shown in Fig. 4 is set so as to make 

35 a step angle of the shaft 8 (rotor 4) when the stepping 
motor 50 is turned on coincide with a step angle of the 
shaft 8 when the motor 50 is turned off in operating 
the stepping motor 50 by the one-phase excitation 
method. The step angle when the stepping motor 50 

40 is turned on is defined as a predetermined angle mak- 
ing it possible to control a rotation angle of the shaft 
8. 

As shown in Fig. 4, a first line is formed by the 
pole teeth 12 and 13 formed on the stator cores 3a1 

45 and 3a2 and a second I ine is formed by the pole teeth 
14 and 15 formed on the stator cores 3b1 and 3b2. In 
the case of a stepping motor, the pole teeth 12 and 13 
forming the first line and the pole teeth 14 and 15 
forming the second line normally have a predeter- 

50 mined positional difference (mutual deviation). As for 
an embodiment of the present, the positional differ- 
ence is set as described below. That is, on the basis 
of the pole teeth 12 and 13 forming the first line, the 
pole teeth 14 and 15 forming the second line are ar- 

55 ranged at a position deviated by 1 14 the positional dif- 
ference between pole teeth 20a and 20b in the first 
line, in other words, a position deviated by 1/2 the 
positional difference between pole teeth 20a and 
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21a. Therefore, when viewed from the pole tooth 21a 
in the first line, pole teeth 30a and 31a in the second 
line are set to a position deviated by 1/4 the positional 
difference between the pole teeth 20a and 20b, in 
other words, 1/2 the positional difference between 5 
the pole teeth 20a and 21a. 

As shown in Fig. 4, the protruded teeth 10a 
formed on the second stator core 10 are arranged at 
the same position as the pole teeth 1 4 and 1 5 forming 
the second line at equal intervals. w 

Functions and advantages of the stepping motor 
of the first embodiment with the above constitution 
are described below. 

When the stepping motor 50 is turned off, the sta- 
tor cores 3a1 , 3a2, 3b1 , and 3b2 are mere magnetic 15 
materials. However, a magnetic circuit is effected in 
the stator cores 3a1, 3a2, 3b1, and 3b2 by a magne- 
tomotive force of the permanent magnet of the rotor 
2. To effect the magnetic circuit, a multiple-pattern ef- 
fecting method is considered. Moreover, a magnetic 20 
circuit is effected in the second stator core 1 0 through 
the protruded teeth 1 0a. An example of the magnetic 
circuit is described below by referring to the model di- 
agram in Fig. 3. 

First, a magnetic circuit Al through the pole teeth 25 
12and 13 forming the first line is effected through the 
stator cores 3a 1 and 3a2 and the housing 1 formed 
by a magnetic material. Moreover, a magnetic circuit 
B1 through the pole teeth 14 and 15 forming the sec- 
ond line is effected through the stator cores 3b1 and 30 
3b2 and the housing 1 formed by a magnetic material. 
Furthermore, a magnetic circuit C1 is effected in the 
second stator core 10 through the protruded teeth 
1 0a. In this case, though understood from Fig. 5 to be 
described later, an inexpensive stepping motor does 35 
not normally use the permanent magnet 5 having a 
strong magnetic force but it uses a ferrite magnet or 
the like. Therefore, the torque obtained by synthesiz- 
ing the torque generated by the magnetic circuits A1 
and B1 effected by the pole teeth 12, 13, 14, and 15 40 
is very small, while the torque generated by the mag- 
netic circuit C1 effected by the protruded teeth 1 0a is 
much larger. Thus, by effecting at least one magnetic 
circuit C1 , it is possible to increase the detent torque 
of the stepping motor 50. That is, as previously descri- 45 
bed about Fig. 2, by arranging at least two consecu- 
tive protruded teeth 10a on each magnetic pole of the 
permanent magnet 5, the magnetic circuit C1 is ef- 
fected and the detent torque can be increased. To ef- 
fect a magnetic circuit, not only the above pattern but 50 
also various patterns are considered. For example, a 
magnetic circuit may be effected between first and 
second lines through each pole tooth. The rotor 2 ro- 
tates so that the magnetic circuit thus effected be- 
comes stable and a detent torque is generated be- 55 
tween the rotor 4 and the stator cores 3a1 , 3a2, 3b1 
and 3b2. In this case, the detent torque is effected by 
the fact that the auxil iary torque generated by the pro- 



truded teeth 10a are synthesized with the generative 
torque generated by the pole teeth 12 to 15 and the 
like as described later about Fig. 5. 

The generative torque generated by the pole 
teeth 12 to 15, the auxiliary torque generated by the 
protruded teeth 10a, and the detent torque obtained 
by synthesizing these torques when the stepping mo- 
tor 50 is turned off are described below by referring 
to Fig. 5. 

As described above, the generative torque gen- 
erated by the pole teeth 1 2, 1 3, 14, and 1 5 formed on 
the stator cores 3a1, 3a2, 3b1, and 3b2 is shown in 
Fig. 5A, which is smaller than the auxiliary torque 
generated by the protruded teeth 1 0a to be described 
later. The generative torque is generated by the fact 
that the pole teeth 1 2 to 1 5 are magnetized by the per- 
manent magnet 5 of a rotor 4 when power is not sup- 
plied to the exciting coil 9a or 9b and the stepping mo- 
tor 50 is turned off. Moreover, the generative torque 
is obtained by synthesizing the torque generated by 
the magnetic circuit A1 and the torque generated by 
the magnetic circuit B1 described in Fig. 3. When the 
stepping motor 50 is turned off, the rotor 4 or the shaft 
8 stops at the rotation angle p by the generative tor- 
que. However, the rotation angle B corresponds to a 
power-supply detent position when the stepping mo- 
tor 50 is operated by means of two-phase excitation. 
Therefore, the detent position of the stepping motor 
50 when it is turned off is forcibly set to a detent pos- 
ition V when the stepping motor 50 is operated by 
means of one-phase excitation by the auxiliary torque 
generated by the protruded teeth 1 0a. That is, the de- 
tent position of the stepping motor 50 when it is turned 
off is made to coincide with the detent position of the 
rotor 4 by adjusting the detent position to a stable pos- 
ition when the exciting coils 9a and 9b are turned on. 

To realize the above mentioned, a torque slightly 
larger than the generative torque is generated by the 
protruded teeth 10a so that a step angle due to the 
torque becomes equal to the rotation angle V. To re- 
alize this, the protruded teeth 10a set as described 
above generates an auxiliary torque for the step an- 
gle of the shaft 8 to come to P as shown in Fig. 5B. 
The cycle of the auxiliary torque generated by the pro- 
truded teeth 10a is two times larger than that of the 
auxiliary torque generated by the protruded teeth in 
the case where the above-described stepping motor 
according to the prior art has protruded teeth two 
times as many as the number of poles of the perma- 
nent magnet, and thereby the generative frequency 
of the step angle is halved. However, the magnitude 
of the auxiliary torque is much larger than the auxili- 
ary torque (obtained by synthesizing the torques gen- 
erated by the magnetic circuits C3 and D3 in Fig. 39) 
generated by protruded teeth of the existing stepping 
motor. It is needless to say that the fact that the num- 
ber of protruded teeth 1 0a is decreased compared to 
the existing number of protruded teeth is very advan- 
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tageous in punching the second stator core 10 by a 
press merely in view of manufacture of the second 
stator core 10. 

A torque obtained by synthesizing the generative 
torque and auxiliary torque serves as the detent tor- 
que shown in Fig. 5C. The maximum value of the de- 
tent torque is increased by a value equivalent to the 
auxiliary torque generated bythe protruded teeth 10a 
by synthesizing a large auxiliary torque with the 
above generative torque and results in a value capa- 
ble of completely holding the shaft 8 when power is 
turned off. In this case, the detent position with regard 
to the stator cores 3a1 , 3a2, 3b1 , and 3b2 for the de- 
tent torque, that is, the step angle of the stepping mo- 
tor 50 becomes equal to a rotation angle Y because 
the auxiliary torque is slightly larger than the gener- 
ative torque. In this case, though the rotation angle Y 
equals the step angle V in Fig. 5A, the occurrence fre- 
quency of the rotation angle Y is half the occurrence 
frequency of the step angle V. Therefore, when the 
generative cycle of the maximum detent torque is 
lengthened, the detent position of the shaft 8 be- 
comes rough and therefore it may not be possible to 
stop the shaft 8 at an optional step angle when the 
stepping motor 50 is turned off. Moreover, even when 
the stepping motor 50 is turned on, it may not be pos- 
sible to perform fine control by the stepping motor 50. 
However, it is possible to solve the above problems by 
increasing the number of magnetic poles of the per- 
manent magnet 5, the number of pole teeth 12 to 15 
of the stator cores 3a1, 3a2, 3b1, and 3b2, and the 
number of protruded teeth 10a of the second stator 
core 10, thereby decreasing one step angle, and 
thereby increasing the occurrence frequency of the 
step angle of the rotor 4. 

Thus, according to the first embodiment of the 
present invention, it is possible to provide the step- 
ping motor 50 capable of increasing the maximum de- 
tent torque with a simple constitution. 

Moreover, as shown in Fig. 6, it is possible to ar- 
range the protruded teeth 10a formed on the second 
stator core 10 at the same position as the pole teeth 
1 2 and 1 3 forming the first line when the second stator 
core 10 is installed in the stepping motor 50. 

Fig. 7B shows the auxiliary torque generated by 
the protruded teeth 10a set as shown in Fig.6, in 
which the step angle of the shaft 8 due to the auxiliary 
torque is Q. Moreover, in this case, because the ar- 
rangement position of the protruded teeth 10a is de- 
viated compared to the case of the first embodiment 
as described above, the step angle Q of the shaft 8 
is deviated by one cycle of the generative torque. 

By synthesizing the generative torque and the 
auxiliary torque, the detent torque shown in Fig. 7C 
is obtained. In this case, the step angle of the shaft 8 
for the detent torque, that is, the step angle of the rotor 
4 equals a rotation angle Z by the detent torque which 
is obtained by synthesizing the auxiliary torque and 



the generative torque because the former is slightly 
larger than the latter. Here, though the step angle Z 
equals the rotation angle V in Fig. 7A, the occurrence 
frequency of the step angle Z is half the occurrence 

5 frequency of the step angle V similarly to the case of 
the first embodiment. 

Therefore, also by setting the position of the pro- 
truded teeth 1 0a as shown in Fig. 6, the maximum de- 
tent torque can be increased similarly to the case of 

w the first embodiment. 

Then, the second embodiment of the present in- 
vention is described below by referring to Figs. 8 and 
9. Fig. 8 shows a model diagram showing the posi- 
tional relation between the pole teeth 12, 13, 14, and 

15 1 5 formed on the stator cores 3a1 , 2, 3b1 , and 2 on 
one hand and the protruded teeth 10a on the other in 
the second embodiment The second embodiment is 
obtained by arranging the second stator core 10 and 
forming the protruded teeth 10a on the inner circum- 

20 ference of the discoid second stator core 1 0 similarly 
to the case of the first embodiment. The above posi- 
tional relation in the second embodiment shown in 
Fig. 8 is set so that the step angle of the shaft 8 (rotor 
4) when the stepping motor 50 is turned on equals the 

25 step angle of the shaft 8 when it is turned off in the 
case where the stepping motor 50 is operated by the 
two-phase excitation method. 

As shown in Fig. 8, one of the protruded teeth 10a 
is arranged at mid-position between a predetermined 

30 pole tooth 21 a in the pole teeth 12ofthefirstlineand 
the predetermined pole tooth 30a in the pole teeth 15 
of the second line. Moreover, one protruded tooth is 
arranged at mid-position between the predetermined 
pole tooth 20a in the pole teeth 13 and the predeter- 

35 mined pole tooth 31b in the pole teeth 14. Similarly, 
one protruded tooth is arranged at mid-position be- 
tween a pole tooth 21 b adjacent to the pole tooth 21 a 
in the pole teeth 12 and the pole tooth 30b adjacent 
to the pole tooth 30a in the pole teeth 15. Moreover, 

40 one protruded tooth is arranged at mid-position be- 
tween the pole tooth 20b adjacent to the pole tooth 
20a in the pole teeth 1 3 and a pole tooth 31c adjacent 
to the pole tooth 31b in the pole teeth 14. Therefore, 
in the case of the second embodiment, one protruded 

45 tooth is arranged at mid-position between the closest 
pole teeth oriented in the same direction in each of the 
pole teeth 12 to 1 5 forming the first and second lines. 
That is, the closest pole tooth oriented in the same di- 
rection as the pole tooth 21a is 30a and the pole tooth 

so closest to the pole tooth 31 b is 20a. The protruded 
teeth 10a arranged at the above positions are formed 
on the second stator core 10 so that the interval be- 
tween adjacent protruded teeth 10a is constant. 
Functions and advantages of the second embodi- 

55 ment with the above constitution are described be- 
low. However, functions and advantages same as 
those of the first embodiment are not described in de- 
tail. 
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The torques generated by the protruded teeth 
1 0a and the pole teeth 1 2 to 1 5 arranged as described 
in Fig. 8 and the detent torque obtained by synthesiz- 
ing the torques are described below by referring to 
Fig. 9. 5 

The generative torque generated by the pole 
teeth 1 2 to 1 5 is equal to those of the first embodiment 
and the shaft 8 is stopped at the rotation angle p when 
the stepping motor 50 is turned off as shown in Fig. 
9A. The auxiliary torque generated by the protruded 10 
teeth 10a makes the shaft 8 stop at a step angle N, 
which is equal to the step angle B according to the 
generative torque by the pole teeth 1 2 to 1 5 as shown 
in Fig. 9B. In this case, the occurrence frequency of 
the step angle N is half the occurrence frequency of 15 
the step angle B according to the generative torque of 
the pole teeth 12 to 15. 

Therefore, the detent torque obtained by synthe- 
sizing the generative torque by the pole teeth 1 2 to 1 5 
and the auxiliary torque by the protruded teeth 1 0a is 20 
shown as Fig. 9C and the step angle of the rotor2 be- 
comes equal to a rotation angle W. In this case, it is 
found that the rotation angle W is in agreement with 
the step angle p when the stepping motor 50 is oper- 
ated by means of two-phase excitation. 25 

Therefore, the maximum detent torque can be in- 
creased similarly to the case of the first embodiment 
by setting the position of the protruded teeth 10a as 
described above when arranging the second stator 
core 1 0 in the case where the stepping motor 50 is op- 30 
erated by means of two-phase excitation. 

Moreover, to operate the stepping motor 50 by 
means of two-phase excitation, it is possible to set the 
position of the protruded teeth 10a as shown in Fig. 
10. That is, one protruded tooth 10a is arranged at 35 
mid-position between the pole teeth 20a and 30a in 
Fig. 10. Similarly, the protruded teeth 10a are ar- 
ranged at mid-position between the pole teeth 21a 
and 31a, at mid-position between the pole teeth 21b 
and 31 b, and at mid-position between the pole teeth 40 
20b and 30b one each. That is, the protruded teeth 
10a are arranged at mid-positions between the clos- 
est pole teeth oriented in the same direction in the 
pole teeth 12 to 15 one each. 

The torques generated by the protruded teeth 45 
10a and the pole teeth 12 to 15 arranged as shown in 
Fig. 10 and the detent torque obtained by synthesiz- 
ing these torques are described below by referring to 
Fig. 11. 

Similarly to the case of the above-mentioned em- 50 
bodiments, when the stepping motor 50 is turned off, 
the stepping motor 50 stops at the rotation angle p by 
the generative torque generated by the pole teeth 12 
to 15 as shown in Fig. 11 A. Moreover, as shown in Fig. 
11 B, the auxiliary torque generated by the protruded 55 
teeth 10a shows the same output as the auxiliary tor- 
que shown in Fig. 9B. As for the auxiliary torque 
shown in Fig. 11B, however, a step angle O of the 



stepping motor 50 is deviated by one cycle of the gen- 
erative torque from the step angle N of the stepping 
motor 50 due to the auxiliary torque in Fig. 9B. This 
is because the arranged positions of the protruded 
teeth 10a described in Figs. 10 and 8 in detail are de- 
viated from each other by one cycle. 

Therefore, in this case, the detent torque ob- 
tained by synthesizing the generative torque and the 
auxiliary torque is shown as Fig. 11 C and a step angle 
of the shaft 8 is X. However, this is only a deviation 
of the reference position of the step angle about the 
stepping motor 50. That is, also by setting the pro- 
truded teeth 10a as described above, it is possible to 
obtain the same advantage as the case of the second 
embodiment. 

Then, the third embodiment of the present inven- 
tion is described below by referring to Figs. 12 to 16. 
In the case of the above first and second embodi- 
ments, the protruded teeth 1 0a arranged so as to face 
the outer periphery of the permanent magnet 5 are 
formed on the inner circumference of the second sta- 
tor core 10. On the other hand, in the case of the third 
embodiment, the protruded teeth 10a serving as aux- 
iliary poles are integrated with the stator cores 3a2 
and 3b1 having the pole teeth 12 and 14. 

Fig. 12 is a block diagram showing the constitu- 
tion of the stator cores 3a2 and 3b1 on which auxiliary 
poles (protruded teeth) 10a of the third embodiment 
is integrally formed, and Fig. 13 is a model diagram 
showing the basic pattern of the positional relation 
between the pole teeth and the protruded teeth 10a 
formed as shown in Fig. 12. 

First, the positional relation among the pole teeth 
12 and 13 in the first line, the pole teeth 14 and 15 in 
the second line, and the auxiliary poles 1 0a will be de- 
scribed. Also in the third embodiment, same position- 
al difference as that of the first embodiment is pres- 
ent between the pole teeth 12and 13 forming the first 
line and the pole teeth 14 and 15 forming the second 
line. Moreover, in the third embodiment, the number 
of the protruded teeth 10a equal to the number of 
magnetic poles of a permanent magnet are formed on 
the stator cores 3a2 and 3b1 , and the position of the 
protruded teeth 10a is set so as to make the step an- 
gle of the shaft 8 when the stepping motor 50 is op- 
erated by means of two-phase excitation equal to the 
detent position of the shaft 8 when the stepping motor 
50 is turned off. 

As shown in Fig. 13, the protruded teeth 10a 
equal to the total number of the pole teeth 1 2 and 1 3 
forming the first line, in other words, the total number 
of the pole teeth Hand 15forming the second line are 
formed. That is, the protruded teeth 10a equal to the 
number of magnetic poles of the permanent magnet 
5 are formed. One of the protruded teeth 10a is 
formed at mid-position between a predetermined pole 
tooth 21a in the pole teeth 12 of the first line and the 
predetermined pole tooth 30a in the pole teeth 15 of 
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the second line. Moreover, one auxiliary pole (one 
protruded tooth) is formed at mid-position between 
the predetermined pole tooth 20a in the pole teeth 13 
and the predetermined pole tooth 31b in the pole 
teeth 14. Similarly, one protruded tooth is formed at 5 
mid-position between a pole tooth 21 b adjacent to the 
pole tooth 21a in the pole teeth 12 and the pole tooth 
30b adjacent to the pole tooth 30a in the pole teeth 1 5. 
Moreover, one protruded tooth is formed at mid-pos- 
ition between the pole tooth 20b adjacent to the pole 10 
tooth 20a in the pole teeth 13 and the pole tooth 31c 
adjacent to the pole tooth 31b in the pole teeth 14. 
Therefore, in the case of the third embodiment, aux- 
iliary poles are formed at mid-positions between the 
closest pole teeth oriented in the same direction 15 
among the pole teeth 12 to 15 forming the first and 
second lines one each. That is, the closest pole tooth 
oriented in the same direction as the pole tooth 21a 
is 30a and the pole tooth closest to the pole tooth 31 b 
is 20a. The protruded teeth 10a arranged at these 20 
positions are formed on each stator core so that the 
interval between adjacent protruded teeth 1 0a is con- 
stant. 

Fig. 14 is a constitutional model diagram when 
forming the protruded teeth 1 0a positioned as descri- 25 
bed in Fig. 13 in detail on the stator core 3a2 and 3b1 
separately. 

In Fig. 14, a protruded tooth 10a1 formed be- 
tween the pole teeth 21a and 30a is integrated with 
the stator core 3a2 and a protruded tooth 10a2 30 
formed between the pole teeth 20a and 31b is inte- 
grated with the stator core 3b1 . Similarly, a protruded 
tooth 10a1 formed between the pole teeth 21b and 
30b is integrated with the stator core 3a2 and a pro- 
truded tooth 1 0a2 formed between the pole teeth 20b 35 
and 31c is integrated with the stator core 3b1. There- 
fore, the protruded teeth 10a positioned as described 
in Fig. 1 3 are formed alternately on and integrally with 
the stator cores 3a2 and 3b1 one each. 

The constitution of the stator cores 3a2 and 3b1 40 
on which the protruded teeth 10a are alternately and 
integrally formed is described below by referring to 
Fig. 12. 

As shown in Fig. 12, because the protruded teeth 
1 0a1 and 1 0a2 formed on the stator cores 32 and 3b1 45 
are partly overlapped with the pole teeth 12 and 14. 
Therefore, a notch 40 is formed at the roots of the pole 
teeth 12 and 14 respectively. Thus, because the 
notch 40 is formed, the protruded teeth 10a1 and 
1 0a2 are protruded so as to face the permanent mag- 50 
net 5 of the rotor 4 without interfering with the pole 
teeth 12and 14. The height of the protruded teeth 10a 
(1 0a1 , 1 0a2) from the inner circumference of the sta- 
tor cores 3a2 and 3b1 is set almost equally to the 
height of the pole teeth 12 and 14. Moreover, in the 55 
case of the third embodiment, it is possible to form the 
stator cores 3a1 and 3b2 into the same shape. By only 
combining the a set of the stator cores 3a2 and 3b1 



having the protruded teeth 10a with a set of the stator 
cores 13 and 15 on which the protruded teeth 10a are 
not formed, it is possible to increase the detent torque 
as mentioned later. The protruded teeth 10a are ar- 
ranged so as to face the permanent magnet 5 of the 
rotor 4 as shown in Fig. 15. That is, the protruded 
teeth 10a are arranged on magnetic poles N and S of 
the permanent magnet 5 one each and the interval 
between the protruded teeth 10a is constant. The tips 
of the protruded teeth 10a facing the permanent mag- 
net 5 is formed into curved surface. Therefore, it is 
possible to receive magnetic flux from large area of 
the permanent magnet 5 at a right angle, and this is 
effective to increase the detent torque. 

Functions and advantages of the third embodi- 
ment with the above constitution are described be- 
low. However, the functions and advantages overlap- 
ped with those of the above-mentioned embodiments 
are not described in detail. 

The torques generated by the protruded teeth 
10a and pole teeth 12 to 15 arranged as described in 
detail in Figs. 12 and 15 and the detent torque ob- 
tained by synthesizing the torques are described be- 
low by referring to Fig. 16. 

The generative torque generated by the pole 
teeth 12 to 15 are the same as those of the above- 
mentioned embodiments and the shaft 8 is stopped 
at the rotation angle B when the stepping motor 50 is 
turned off as shown in Fig. 16A. 

The auxiliary torque generated by the protruded 
teeth 10a has a generation cycle two times longer 
than the generation cycle of the generative torque by 
the pole teeth 12 to 15. Therefore, the occurrence fre- 
quency of the step angle N of the shaft 8 due to the 
auxiliary torque generated by the protruded teeth 10a 
is half the occurrence frequency of the step angle B 
due to the generative torque by the pole teeth 12 to 
15. Moreover, the auxiliary torque is slightly larger 
than the generative torque. 

Therefore, the detent torque obtained by synthe- 
sizing the generative torque by the pole teeth 12 to 15 
and the auxiliary torque by the protruded teeth 1 0a is 
shown as Fig. 16C and the step angle of the rotor 4 
equals the rotation angle W. 

Therefore, in the case of the third embodiment, 
the total number of the protruded teeth 1 0a formed on 
the stator cores 3a2 and 3b1 equals the number of the 
poles of the permanent magnet 5 similarly to the case 
of the above-mentioned embodiments and it is half 
the total number of the protruded teeth of a stepping 
motor according to the prior art. 

Then, the fourth embodiment of the present in- 
vention is described below by referring to Figs. 1 7 and 
18. 

The fourth embodiment is constituted by chang- 
ing the distribution pattern for distributing the pro- 
truded teeth 1 0a to the stator core 3a2 of the first line 
and the stator core 3b1 of the second line in order to 
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realize the arrangement pattern of the protruded 
teeth 10a described in Fig. 13. 

That is, in the third embodiment, the protruded 
teeth 10a are formed by distributing them as descri- 
bed in Fig. 1 4. In the fourth embodiment, however, the 5 
protruded teeth 10a are formed and arranged as 
shown below. 

In the case of the fourth embodiment, an auxiliary 
pole (protruded tooth) formed between the pole teeth 
21 a and 30a is integrated with the stator core 3b1 as 10 
the protruded tooth 10a2 and an auxiliary pole (pro- 
truded tooth) formed between the pole teeth 20a and 
31b is integrated with the stator core 3a2 as the pro- 
truded tooth 10a1. Similarly, a protruded tooth 
formed between the pole teeth 21b and 30b is inte- is 
grated with the stator core 3b1 and a protruded tooth 
formed between the pole teeth 20b and 31c is inte- 
grated with the stator core 3a2. Therefore, the pro- 
truded teeth 10a positioned as described in Fig. 13 
are formed alternately on and integrally with the stator 20 
cores 3a2 and 3b1 one each. Therefore, in the case 
of the fourth embodiment, the distribution pattern of 
the protruded teeth 10a to each stator core when ar- 
ranging the protruded teeth 1 0a is opposite to the pre- 
viously-described distribution pattern in Fig. 14. 25 

The constitution of the stator cores 3a2 and 3b1 
with which the protruded teeth 10a are integrated is 
described below by referring to Fig. 17. 

As shown in Fig. 17, the protruded tooth 10a1 in- 
tegrated with the stator core 3a2 is formed at the left 30 
of the pole tooth 12 and the height of the protruded 
tooth 1 0a1 from the inner periphery of the stator core 
3a2 is almost equal to that of the pole tooth 1 2. More- 
over, the protruded tooth 1 0a2 integrated with the sta- 
tor core 3b1 is similarly formed. That is, the stator 35 
cores 3a2 and 3b1 are formed into the same shape. 

It is needless to say that the stepping motor 50 of 
the fourth embodiment in which the protruded teeth 
10a are integrated with the stator cores 3a2 and 3b1 
has the same advantage as the above embodiments. 40 

Then, the fifth embodiment of the present inven- 
tion is described below by referring to Figs. 19 to 22. 

First, the positional relation between the pole 
teeth 12 to 15 and the protruded teeth 10a of the fifth 
embodiment is described below. The positional differ- 45 
ence between the pole teeth 12 and 13 forming the 
first line and the pole teeth 14 and 15 forming the sec- 
ond line is set to the same value as that of the above- 
mentioned first embodiment. 

As shown in Fig. 20, the protruded teeth 10a 50 
equal to the total number of the protruded teeth 12 
and 13 forming the first line, in other words, equal to 
the total number of the magnetic poles N and S of the 
permanent magnet 5 are formed also in the fifth em- 
bodiment similarly to the case of the above- 55 
mentioned embodiments. One of the protruded teeth 
10a is formed at mid-position between a predeter- 
mined pole tooth 21a in the pole teeth 12 of the first 



line and the predetermined pole tooth 31a in the pole 
teeth 14 of the second line. Moreover, one of the pro- 
truded teeth 10a is formed at mid-position between 
the predetermined pole tooth 20a in the pole teeth 1 3 
and the predetermined pole tooth 30b in the pole 
teeth 15. Similarly, one protruded tooth 10a is formed 
at mid-position between the pole tooth 21b adjacent 
to the pole tooth 21a in the pole teeth 1 2 and the pole 
tooth 31b adjacent to the pole tooth 31a in the pole 
teeth 14. Moreover, one protruded tooth 10a is 
formed at mid-position between the pole tooth 20b 
adjacent to the pole tooth 20a in the pole teeth 1 3 and 
the pole tooth 30b adjacent to the pole tooth 30a in 
the pole teeth 1 5. Therefore, in the fifth embodiment, 
the protruded teeth 10a are formed at mid-positions 
between the pole teeth oriented in the opposite direc- 
tion among the pole teeth 12 to 15 forming the first 
and second lines one each. The protruded teeth 10a 
arranged at the above positions are formed on each 
stator core 3a2 and 3b1 so that the interval between 
adjacent protruded teeth 10a is constant. 

Fig. 21 shows a constitutional model diagram 
when forming the protruded teeth 10a positioned as 
described in Fig. 20 on the stator cores 3a2 and 3b1 
separately. 

As shown in Fig. 21, the protruded tooth 10a1 
formed between the pole teeth 21a and 31a in Fig. 20 
is integrated with the stator core 3a2. Moreover, the 
protruded tooth 10a2 formed between the pole teeth 
20a and 30a is integrated with the stator core 3b1. 
Similarly, the protruded tooth 10a1 formed between 
the pole teeth 21 b and 31 b is integrated with the stator 
core 3a2 and the protruded tooth 10a2 formed be- 
tween the pole teeth 20b and 30b is integrated with 
the stator core 3b1 . Therefore, the protruded teeth 
10a in Fig. 21 are integrated with the stator cores 3a2 
and 3b1 every other protruded tooth 10a. 

The constitution of the stator cores 3a2 and 3b1 
on which the protruded teeth 10a are integrally 
formed as described in Fig. 21 is described below by 
referring to Fig. 19. 

As shown in Fig. 19, the protruded tooth 10a1 
formed on the stator core 3a2 is partly overlapped 
with one of the pole teeth 12 in their forming position. 
Therefore, a recess 41 is formed at the roots of the 
pole teeth 12 to form the protruded tooth 10a1 so as 
to face the permanent magnet 5 of the rotor 4 without 
interfering with the pole teeth 12. Moreover, the pro- 
truded tooth 10a2 formed on the stator core 3b1 is 
formed between pole teeth 14. As shown in Fig. 19, 
in the case of the fifth embodiment, it is impossible 
to form the stator cores 3a2 and 3b1 into the same 
shape. Therefore, this embodiment is disadvanta- 
geous in this point compared to the above-mentioned 
embodiments. 

Functions and advantages of the stepping motor 
50 according to the fifth embodiment are described 
below. However, functions and advantages overlap- 
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ped with those of the above embodiments are not de- 
scribed in detail. 

The torques generated by the protruded teeth 
1 0a and the pole teeth 1 2 to 1 5 arranged as described 
in Figs. 19 and 21 and the detent torque obtained by 5 
synthesizing these torques are described below by re- 
ferring to Fig. 22. 

The generative torque generated by the pole 
teeth 12 to 15 is equal to that of the above embodi- 
ments, when the stepping motor 50 is turned off, the 10 
stepping motor 50 is stopped at the rotation angle fj 
as shown in Fig. 22A. 

Moreover, similarly to the case of the fourth em- 
bodiment, the generation cycle of the auxiliary torque 
generated by the protruded teeth 10a is two times 15 
longer than the generation cycle for the stepping mo- 
tor in Figs. 37 to 39 described in the "Related Art". Fur- 
thermore, the step angle O of the stepping motor 50 
due to the auxiliary torque in the fifth embodiment is 
deviated by a half cycle from the step angle N of the 20 
stepping motor 50 due to the auxiliary torque of the 
third embodiment shown in Fig. 16. This is because 
the arrangement positions of the protruded teeth 10a 
in the fifth embodiment is deviated just by a half cycle 
from the arrangement positions of the protruded 25 
teeth 10a in the third embodiment. 

Therefore, the detent torque obtained by synthe- 
sizing the generative torque and the auxiliary torque 
is shown as Fig. 22C and the step angle of the step- 
ping motor 50 comes to X. However, this is only a de- 30 
viation of the reference position of the step angle 
about the stepping motor 50. Therefore, the perfor- 
mance of the stepping motor 50 is not affected. More- 
over, though the stator cores 3a2 and 3b1 cannot be 
formed into the same shape, the fifth embodiment 35 
shows the same advantages as those described in 
detail in the above embodiments except the above 
point. 

Then, the sixth embodiment of the present inven- 
tion is described below by referring to Fig. 23. 40 

The stator core shown in Fig. 23 is obtained by in- 
tegrating all the protruded teeth 10a with the stator 
core 3a2 in accordance with the arrangement pattern 
of the protruded teeth 10a shown in Fig. 13 though 
the protruded teeth 1 0a are divided to the stator cores 45 
3a2 and 3b1 in the fourth and fifth embodiments. 
Moreover, it is a matter of course that all the protrud- 
ed teeth 10a can be integrated with the stator core 
3b1. Thus, when integrating the protruded teeth 10a 
with one stator core, a large magnetomotive force can 50 
be received from the permanent magnet 5 by forming 
the protruded teeth 10a on one of stator cores 3a2 
and 3b1 arranged around the center of the cylindrical 
height of the permanent magnet 5, and this is effec- 
tive to increase the detent torque. In this case, the 55 
forming position of the protruded teeth 10a is overlap- 
ped with that of the pole teeth 1 2 every other protrud- 
ed tooth 10a. Therefore, a deformed portion 42 is 



formed at the roots of the pole teeth 12 of the stator 
core 3a2. Moreover, the protruded teeth 10a are pro- 
truded at the deformed portion 42 and between each 
pole teeth 12 one each. 

However, when it is enough that a torque equal to 
or more than a predetermined value can be generat- 
ed, if the above torque can be obtained by the detent 
torque to be generated when the protruded teeth 10a 
are formed on the stator core 3al or 3b2, it is possible 
to integrate the protruded teeth 10a with the stator 
core 3a1 or 3b2. 

The same advantages as the above embodi- 
ments can be obtained also from the stepping motor 
50 in which the protruded teeth 10a are integrated 
with only the stator core 3a2. 

The seventh embodiment of the present inven- 
tion is described below by referring to Figs. 24 to 27. 

Fig. 24 shows a perspective diagram showing the 
constitution of the stator core 3a2 with which the pro- 
truded teeth 10a of the seventh embodiment are in- 
tegrated and Fig. 25 is a model diagram showing the 
basic pattern of the positional relation between the 
pole teeth 12 to 15 and the protruded teeth 10a 
formed as shown in Fig. 24. 

First, the positional relation among the pole teeth 
12 and 1 3 forming the first line, the pole teeth 14 and 
15 forming the second line, and the protruded teeth 
10a is described below. Also in the seventh embodi- 
ment, the same positional difference as that of the 
first embodiment is present between the pole teeth 
12 and 13 forming the first line and the pole teeth 14 
and 15 forming the second line similarly to the case 
of the above embodiments. Moreover, for the seventh 
embodiment, the number of the protruded teeth 10a 
is made equal to the number of magnetic poles of the 
permanent magnet 5, the stepping motor 50 is oper- 
ated by means of one-phase excitation, and the pro- 
truded teeth 1 0a are positioned so as to make the de- 
tent position of the rotor 4 when the motor 50 is turned 
on coincide with the detent position of the rotor 4 
when the motor 50 is turned off. 

As shown in Fig. 25, the protruded teeth 10a 
equal to the total number of the protruded teeth 12 
and 13 (14 and 15) are formed, in other words, they 
are formed for N and S poles of the permanent mag- 
net 5 one each. One of the protruded teeth 10a is in- 
tegrated with the stator core 3a2 at the same position 
as the predetermined pole tooth 30a in the pole teeth 
15 forming the second line. Moreover, a protruded 
tooth next to the above protruded tooth is integrated 
with the stator core 3a2 at the same position as the 
pole tooth 31b adjacent to the pole tooth 30a of the 
second line. Furthermore, a protruded tooth next to 
the protruded tooth is integrated with the stator core 
3a2 at the same position as the pole tooth 30b adja- 
cent to the pole tooth 31 b. However, no protruded 
tooth is formed on the stator core 3b1. Furthermore, 
the protruded teeth 1 0a are arranged so as to face the 
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permanent magnet 5 of the rotor 4 as shown in Fig. 
26. 

The protruded teeth 10a positioned as shown in 
Fig. 25 are integrated with the stator core 3a2 as 
shown in Fig. 24. The constitution of the stator core 
3a2 is described below by referring to Fig. 24. 

As shown in Fig. 24, all the protruded teeth 10a 
are integrated with the stator core 3a2. That is, the 
protruded teeth 10a are formed at the both sides of 
all pole teeth 12 formed on the stator core 3a2. The 
height of the protruded teeth 10a from the inner cir- 
cumference of the stator core 3a2 is almost equal to 
the height of the pole teeth 12. 

Functions and advantages of the seventh em- 
bodiment using the stator core 3a2 with the above 
constitution are described below. However, descrip- 
tions overlapped with those of the above embodi- 
ments are omitted. 

The generative torque generated by the pole 
teeth 12 to 15, the auxiliary torque generated by the 
protruded teeth 10a, and the detent torque obtained 
by synthesizing the above torques in the stepping mo- 
tor 50 of the seventh embodiment are described be- 
low by referring to Fig. 27. 

The generative torque generated by the pole 
teeth 12 to 15 forming the first and second lines is 
shown as Fig. 27A. A step angle when power is off due 
to the generative torque equals the rotation angle p. 
However, the rotation angle p is a detent position 
when the stepping motor 50 is operated by means of 
two-phase excitation. Therefore, the detent position 
when the stepping motor 50 is turned off is forcibly set 
to the detent position V when the stepping motor 50 
is operated by means of one-phase excitation. 

For this object, a torque slightly larger than the 
generative torque is generated so that the step angle 
is made equal to the rotation angle V by the torque. 
Therefore, the protruded teeth 10a positioned as de- 
scribed above generate an auxiliary torque for the 
step angle of the shaft 8 to become P as shown in Fig. 
27B. 

By synthesizing the above generative torque and 
the auxiliary torque, the detent torque shown in Fig. 
27C is obtained. In this case, the detent position of the 
rotor 4 due to the detent torque, that is, the step angle 
of the stepping motor 50 comes to a rotation angle Y 
because the auxiliary torque is slightly larger than the 
generative torque. In this case, though the rotation 
angle Y equals the step angle V In Fig. 27A, the oc- 
currence frequency of the rotation angle Y is half the 
occurrence frequency of the step angle V. By equal- 
izing the detent position of a stepping motor 50 to be 
operated by means of one-phase excitation when the 
motor is turned off with the detent position of the mo- 
tor when it is turned on, it is possible to equalize the 
opening degree of an actuator (e.g. a valve for con- 
necting or disconnecting a brake pipe) of an anti-skid 
controller to be operated by a stepping motor when 



the stepping motor is turned on with the opening de- 
gree of the actuator when the motor is turned off. This 
is effective to control the actuator. 

The same advantages as those of the above em- 
5 bodiments can be obtained also from the stepping 
motor 50 of the seventh embodiment. 

Then, the eighth embodiment of the present in- 
vention is described below by referring to Figs. 28 to 
30. 

10 The eighth embodiment of the present invention 
is constituted by changing the setting position pat- 
tern of the protruded teeth 10a in the seventh em- 
bodiment 

That is, as shown in Fig. 29, the protruded teeth 

is 10a are integrated with the stator core 3a2 at the 
same position as the pole teeth 1 2 and 1 3 forming the 
first line. It is also possible to integrate the protruded 
teeth 1 0a with the stator core 3b1 . 

The protruded teeth 10a thus positioned is inte- 

20 grated with the stator core 3a2 as shown in Fig. 28. 
The constitution of the stator core 3a2 is described 
below by referring to Fig. 28. 

As shown in Fig. 28, all the protruded teeth 10a 
are integrated with the stator core 3a2. In this case, 

25 the forming position of the protruded teeth 10a is 
overlapped with that of the pole teeth 12 every other 
protruded tooth 10a. Therefore, hollow portions 43 
are formed at the roots of the pole teeth 1 2 so that the 
protruded teeth 1 0a are protruded therefrom. Each of 

30 other protruded teeth is arranged at the lateral of the 
pole tooth 12. The height of the protruded teeth 10a 
from the inner circumference of the stator core 3a2 is 
almost equal to the height of the pole teeth 12. 
Functions and advantages of the eighth embodi- 

35 ment using the stator core 3a2 with the above consti- 
tution are described below. However, descriptions 
overlapped with those of the above embodiments are 
omitted. 

The generative torque generated by the pole 

40 teeth 12 to 15, the auxiliary torque generated by the 
protruded teeth 10a, and the detent torque obtained 
by synthesizing the above torques in the stepping mo- 
tor 50 of the eighth embodiment are described below 
by referring to Fig. 30. 

45 Though the generative torque generated by the 
pole teeth 12 to 15 forming the first and second lines 
is shown as Fig. 30A, it is not described in detail be- 
cause it is the same as that in Fig. 27A. 

The auxiliary torque generated by the protruded 

so teeth 1 0a positioned as described above is shown as 
Fig. 30B and the step angle of the shaft 8 due to the 
auxiliary torque is Q. Because the arrangement pos- 
ition of the protruded teeth 10a is deviated for the 
eighth embodiment compared to the case of the sev- 

55 enth embodiment as described above, the rotation 
angle Q of the shaft 8, that is, the rotation angle Q of 
the stepping motor 50 is deviated by a half cycle. 
By synthesizing the above generative torque and 
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the auxiliary torque, the detent torque shown in Fig. 
30C is obtained. In this case, the step angle of the ro- 
tor 4, that is, the step angle of the stepping motor 50 
comes to the rotation angle Z because the auxiliary 
torque is slightly larger than the generative torque. In 
this case, though the step angle Z equals the rotation 
angle V in Fig. 30A, the occurrence frequency of the 
step angle Z is half the occurrence frequency of the 
rotation angle V. 

The same advantages as those of the above em- 
bodiments can be obtained also from the stepping 
motor 50 of the eighth embodiment. 

Then, the ninth embodiment of the present inven- 
tion is described below by referring to Figs. 33 and 34. 

The ninth embodiment is constituted by distribut- 
ing the protruded teeth 10a to the stator cores 3a2 
and 3b1 in order to realize the position setting pattern 
of the protruded teeth 1 0a of the eighth embodiment. 

That is, as shown in Fig. 31, the protruded tooth 
10a1 of the protruded teeth 10a formed at the same 
position as the pole teeth 12of the first line is integrat- 
ed with the stator core 3a2. The protruded tooth 1 0a2 
formed at the same position as the pole teeth 13 of the 
first line is integrated with the stator core 3b1. 

The stator cores 3a2 and 3b1 with the protruded 
teeth 10a integrally formed on them are constituted 
as shown in Fig. 32. In this case, it is needless to say 
that the stator core 3a2 with the protruded tooth 1 0a1 
formed on it excludes the protruded tooth formed be- 
tween the pole teeth 12 of the stator core 3a2 of the 
eighth embodiment. Moreover, the notch 40 is formed 
on the stator core 3b1 as shown in Fig. 32 in order to 
prevent the protruded tooth 10a2 from interfering 
with the pole tooth 14. In the case of the ninth embodi- 
ment, the stator cores 3a2 and 3b1 are not formed into 
the same shape. 

Figs. 33 and 34 show the tenth embodiment of 
the present invention. 

The tenth embodiment is constituted by distribut- 
ing the protruded teeth 10a to the stator cores 3a2 
and 3b1 in the position setting pattern of the protrud- 
ed teeth 1 0a of the eighth embodiment in the opposite 
way to the case of the ninth embodiment. 

That is, as shown in Fig. 33, a protruded tooth 
1 0a2 formed at the same position as the pole teeth 1 2 
of the first line is integrated with the stator core 3b1 . 
Moreover, a protruded tooth 1 0a1 formed at the same 
position as the pole teeth 13 of the first line is integrat- 
ed with the stator core 3a2. 

The stator cores 3a2 and 3b1 with which the pro- 
truded teeth 10a are integrated are constituted as 
shown in Fig. 34. In this case, it is needless to say that 
the stator core 3a2 with the protruded tooth 10a1 
formed on it excludes the protruded tooth formed in 
the hollow portion 43 of the pole tooth 12 of the stator 
core 3a2 in the ninth embodiment. Moreover, the 
notch 40 is formed on the stator core 3b1 as shown 
in Fig. 34 in order to prevent the protruded tooth 10a2 



from interfering with the pole teeth 14. As for the tenth 
embodiment, it is impossible to form the stator cores 
3a2 and 3b1 into the same shape. 

The present invention is not limited to the above 

5 embodiments but it allows various modifications as 
shown below. 

That is, in the fourth and fifth embodiments, the 
protruded teeth 1 0a are distributed to the stator cores 
3a2 and 3bl and integrated with them respectively. 

w However, it is also possible to integrate the protruded 
teeth 10a with one stator core. Moreover, though the 
protruded teeth 10a are distributed to two stator 
cores in the above embodiments, it is possible to dis- 
tribute them to three stator cores or more. In this case, 

15 it is preferable to distribute two adjacent protruded 
teeth to each stator core as shown in Fig. 13. That is, 
if the protruded teeth 10a are distributed to three sta- 
tor cores or more, it may not be possible to generate 
a large detent torque because the distance between 

20 the protruded teeth 10a increases and thereby a 
magnetic circuit for generating an auxiliary torque by 
the protruded teeth 1 0a is weakly effected (that is, the 
magnetic flux density decreases). However, by form- 
ing two adjacent protruded teeth 10a on each stator 

25 core, a complete magnetic circuit is formed between 
the two protruded teeth and a large detenttorque can 
be generated. 

Moreover, in the above embodiments, the notch 
40, recess 41 , or deformed portion 42 is formed at the 

30 roots of the pole teeth 12 and 14 when the forming 
position of the protruded teeth 10a interferes with that 
of the pole teeth 12 and 14. However, it is also possi- 
ble to disuse the above notch 40 by decreasing the 
width of the pole teeth 12 and 14 or that of the pro- 

35 truded teeth 10a. 

Furthermore, though the height of each protrud- 
ed tooth 10a is made almost equal to the height of 
each of the pole teeth 1 2 to 1 5, that is, the interval be- 
tween the permanent magnet 5 and the pole teeth 

40 and that between the permanent magnet 5 and the 
protruded teeth are almost equalized, however, it is 
also possible to set them as shown below. That is, it 
is possible to increase the protrusion height of the 
protruded teeth 10a and set the protruded teeth 10a 

45 so as to approach the permanent mag net 5 of the ro- 
tor 4. In this case, it is possible to increase the auxil- 
iary torque generated by the protruded teeth 10a. 
Moreover, it is possible to decrease the protrusion 
height of the protruded teeth 1 0a and set the protrud- 

50 ed teeth 10a so as to go away from the permanent 
magnet 5 of the rotor 4. In this case, it is possible to 
decrease the auxiliary torque generated by the pro- 
truded teeth 10a. 

To adjust the auxiliary torque generated by the 

55 protruded teeth 10a, the following method can be 
used. That is, it is possible to adjust the auxiliary tor- 
que by flattening the faces of the protruded teeth 10a 
facing a permanent magnet and changing the area of 
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the faces facing the permanent magnet, though the 
faces of the protruded teeth 10a facing a permanent 
magnet are formed into curved surfaces for the above 
embodiments. In this case, it is possible to maximize 
the auxiliary torque when the ratio between the area 5 
of the protruded teeth 1 0a facing a magnetic pole and 
the area of a magnetic pole of a permanent magnet 
becomes a predetermined value. Therefore, it is pos- 
sible to adjust the auxiliary torque by changing the 
area of the protruded teeth 10a to change the ratio. 10 
Moreover, when forming the faces of the protruded 
teeth 1 0a facing a permanent magnet into curved sur- 
faces, it is possible to adjust the auxiliary torque by 
changing the width of the protruded teeth 10a and 
thereby changing the area of the curved surfaces. is 

Moreover, it is possible to apply the stepping mo- 
tor 50 of the present invention to an actuator 60 
shown in Fig. 35 for independently controlling damp- 
ing forces of suspensions for four wheels. Fig. 35 
shows a front view of an actuator 60 of an shock ab- 20 
sorber and Fig. 36 shows a longitudinal sectional view 
of the actuator 60 when the stepping motor 50 is ap- 
plied thereto. 

Fig. 35 shows the outline of a frame case 51 in 
which the stepping motor 50 and an electric circuit 53 25 
for controlling the stepping motor 50 are built. A con- 
nector 52 for executing electrical connection with an 
external unit is also built in the case 51. 

Fig. 36 shows a sectional view of the actuator 60. 
The electric circuit 53 is independently set to each 30 
stepping motor 50 provided correspondingly to each 
suspension of a vehicle. The actuator 60 with the 
above constitution is disposed onto the shock ab- 
sorber of the suspension for each wheel and the driv- 
ing force from the stepping motor 50 is transmitted via 35 
a not-illustrated control rod. 

In this case, a terminal mounting section 54 is ar- 
ranged which is integrated with a spool for holding an 
exciting coil by forming a notch on the second stator 
core 10 so as to realize connection with the electric 40 
control circuit 53. 

Therefore, by using each stepping motor 50 of the 
present invention with a large detent torque corre- 
spond to the electronic control circuit 53 for four- 
wheel independent suspension control, it is possible 45 
to improve the accuracy of suspension control. For 
such a large detent torque under power off, it is pos- 
sible to keep the damping-force constant even when 
electric power is not supplied to the electronic control 
circuit 53 and thereby avoid extra power consump- 50 
tion. 



Claims 

55 

1. A stepping motor comprising: 

a rotor (4) provided with a cylindrical per- 
manent magnet (5) on whose outer periphery N 



and S poles are alternately polarized and which 
is rotatably supported; 

a plurality of hollow discoid stator cores 
(3a1, 3a2, 3b1, 3b2) having pole teeth arranged 
so as to face said permanent magnet at predeter- 
mined intervals in an inner circumference there- 
of; 

an exciting coil (9a, 9b) wound on said sta- 
tor cores to magnetize said pole teeth of said sta- 
tor cores when it is turned on in order to rotate 
said rotor; and 

at least two protruded teeth (10a) serving 
as auxiliary poles arranged so as to face said cyl- 
indrical surface of said permanent magnet to gen- 
erate a detent torque by being magnetized by 
said permanent magnet when said exciting coil is 
turned off, 

wherein each of said protruded teeth (10a) 
is arranged so as to face continuous N and S 
poles of said cylindrical surface of said perma- 
nent magnet (5). 

2. A stepping motor according to claim 1, wherein 
said protruded teeth (10a) equal to the number of 
magnetic poles of said permanent magnet (5) are 
arranged. 

3. A stepping motor according to claim 2, wherein 
said protruded teeth (10a) are arranged so that 
the interval between adjacent protruded teeth is 
almost constant. 

4. A stepping motor according to claim 1, wherein 
the width of said protruded teeth (10a) in the cir- 
cumferential direction of said permanent magnet 
(5) is smaller than that of each magnetic pole of 
said permanent magnet (5). 

5. A stepping motor according to claim 1, wherein 
said protruded teeth (10a) are arranged around 
the center of the cylindrical height of said perma- 
nent magnet (5). 

6. A stepping motor according to claim 1, further 
comprising a hollow discoid second stator core 
(10) made of a magnetic material and arranged in 
parallel with said plurality of stator cores (3a2, 
3b1), 

wherein said protruded teeth (10a) are in- 
tegrated with an inner circumference of said sec- 
ond stator core (10). 

7. A stepping motor according to claim 6, wherein 
said plurality of stator cores are provided with a 
group of first-line pole teeth formed by two stator 
cores (3a1, 3a2) arranged so that pole teeth di- 
rected in opposite directions formed on said two 
stator cores respectively are engaged each other 
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and a group of second-line pole teeth formed by 
other two stator cores (3b1 , 3b2) arranged in the 
same way with said two stator cores (3a1, 3a2), 
and said second stator core (10) is arranged be- 
tween a stator core (3a2) having said group of 5 
first-line pole teeth and a stator core (3b1) having 
said group of second-line pole teeth. 

8. A stepping motor according to claim 7, wherein 
pole teeth in said group of first-line pole teeth (12, 10 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 

the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 15 
distance, and said protruded teeth (10a) of said 
second stator core (10) are arranged at mid-pos- 
ition between the closest pole teeth oriented in 
the same direction in said group of first-line pole 
teeth (12, 1 3) and said group of second-line pole 20 
teeth (14, 15). 

9. A stepping motor according to claim 7, wherein 
pole teeth in said group of first-line pole teeth (12, 

13) and pole teeth in said group of second-line 25 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of the permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) of said 30 
second stator core (10) are arranged at mid-pos- 
ition between the closest pole teeth oriented in 
the opposite direction in said group of first-line 
pole teeth (12, 13) and said group of second-line 
pole teeth (14, 15). 35 

10. A stepping motor according to claim 7, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 40 
itions of them in the circumferential direction on 

the outer surface of the permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and the positions of said protruded 
teeth (10a) of said second stator core (10) coin- 45 
cide with the positions of the pole teeth in either 
of said group of first-line pole teeth (12, 13) and 
said group of second-line pole teeth (14, 15). 

11. A stepping motor according to claim 1 , wherein 50 
said protruded teeth (10a) are integrated with at 
least one of said plurality of stator cores (3a1 , 
3a2, 3b1,3b2). 

12. A stepping motor according to claim 11 , wherein 55 
said plurality of stator cores (3a1 , 3a2, 3b1 , 3b2) 

are provided with a group of first-line pole teeth 
formed by two stator cores (3a 1, 3a2) arranged 



so that pole teeth directed in opposite directions 
formed on said two stator cores respectively are 
engaged each other and a group of second-line 
pole teeth formed by other two stator cores (3b1 , 
3b2) arranged in the same way with said two sta- 
tor cores (3a1 , 3a2), and said protruded teeth 1 0a 
are integrated with at least one of a stator core 
(3a2) arranged at a position close to said group 
of second-line pole teeth of said two stator cores 
provided with said group of first-line pole teeth 
and a stator core (3b1) arranged at a position 
close to said group of first-line pole teeth of said 
two stator cores provided with said group of sec- 
ond-line pole teeth. 

13. A stepping motor according to claim 11, wherein 
said plurality of stator cores (3a1 , 3a2, 3b1 , 3b2) 
are provided with a group of first-line pole teeth 
formed by two stator cores (3a1, 3a2) arranged 
so that pole teeth directed in opposite directions 
formed on said two stator cores respectively are 
engaged each other and a group of second-line 
pole teeth formed by other two stator cores (3b1 , 
3b2) arranged in the same way with said two sta- 
tor cores (3a1, 3a2), and said protruded teeth 
(1 0a) are divided and integrated with a stator core 
(3a2) arranged at a position close to said group 
of second-line pole teeth of said two stator cores 
provided with said group of first-line pole teeth 
and a stator core (3b1) arranged at a position 
close to said group of first-line pole teeth of said 
two stator cores provided with said group of sec- 
ond-line pole teeth respectively. 

14. A stepping motor according to claim 12, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) are ar- 
ranged at mid-position between the closest pole 
teeth oriented in the same direction in said group 
of first-line pole teeth (12, 13) and said group of 
second-line pole teeth (14, 15). 

15. A stepping motor according to claim 13, wherein 
pole teeth in said groupof first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) are ar- 
ranged at mid-position between the closest pole 
teeth oriented in the same direction in said group 
of first-line pole teeth (12, 13) and said group of 
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second-line pole teeth (14, 15). 

16. A stepping motor according to claim 12, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) are ar- 
ranged at mid-position between the closest pole 
teeth oriented in the opposite direction in said 
group of first-line pole teeth (12, 13) and said 
group of second-line pole teeth (14, 15). 

17. A stepping motor according to claim 13, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) are ar- 
ranged at mid-position between the closest pole 
teeth oriented in the opposite direction in said 
group of first-line pole teeth (12, 13) and said 
group of second-line pole teeth (14, 15). 



21. A stepping motor according to claim 1 , wherein a 
detent torque generated by said protruded teeth 
(10a) is adjusted to any value by changing the 
area of the portion of the protruded tooth facing 

5 the permanent magnet (5). 

22. A stepping motor according to claim 1 , wherein a 
detent torque generated by said protruded teeth 
(10a) is adjusted to any value by setting the dis- 

w tance between the front end of said protruded 
teeth (1 0a) and the cylindrical surface of said per- 
manent magnet (5) to a desired value. 

23. A stepping motor according to claim 1, wherein 
15 said pole teeth (10a) formed on said plurality of 

stator cores are pectinate. 



20 
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18. A stepping motor according to claim 12, wherein 
pole teeth in said group of first-line pole teeth (12, 30 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 35 
distance, and the positions of said protruded 
teeth coincide with the positions of the pole teeth 
in either of said group of first line pole teeth (12, 
13) and said group of second line pole teeth (14, 
15). 40 



19. A stepping motor according to claim 13, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 1 5) are arranged so that the pos- 45 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and the positions of said protruded 
teeth (1 0a) coincide with the positions of the pole so 
teeth in either of said group of first line pole teeth 
(12, 13) and said group of second line pole teeth 
(14, 15). 



20. A stepping motor according to claim 1 , wherein 55 
the portions of said protruded teeth (10a) facing 
said permanent magnet (5) are formed into 
curved surfaces. 
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FIG. 12 
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second-line pole teeth (14, 15). 



16. A stepping motor according to claim 12, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) are ar- 
ranged at mid-position between the closest pole 
teeth oriented in the opposite direction in said 
group of first-line pole teeth (12, 13) and said 
group of second-line pole teeth (14, 15). 

17. A stepping motor according to claim 13, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and said protruded teeth (10a) are ar- 
ranged at mid-position between the closest pole 
teeth oriented in the opposite direction in said 
group of first-line pole teeth (12, 13) and said 
group of second-line pole teeth (14, 15). 



21. A stepping motor according to claim 1 , wherein a 
detent torque generated by said protruded teeth 
(10a) is adjusted to any value by changing the 
area of the portion of the protruded tooth facing 
the permanent magnet (5). 

22. A stepping motor according to claim 1 , wherein a 
detent torque generated by said protruded teeth 
(10a) is adjusted to any value by setting the dis- 
tance between the front end of said protruded 
teeth (10a) and the cylindrical surface of said per- 
manent magnet (5) to a desired value. 

23. A stepping motor according to claim 1, wherein 
said pole teeth (10a) formed on said plurality of 
stator cores are pectinate. 



18. A stepping motor according to claim 12, wherein 
pole teeth in said group of first-line pole teeth (12, 30 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 35 
distance, and the positions of said protruded 
teeth coincide with the positions of the pole teeth 
in either of said group of first line pole teeth (12, 
13) and said group of second line pole teeth (14, 



19. A stepping motor according to claim 13, wherein 
pole teeth in said group of first-line pole teeth (12, 
13) and pole teeth in said group of second-line 
pole teeth (14, 15) are arranged so that the pos- 45 
itions of them in the circumferential direction on 
the outer surface of said permanent magnet (5) 
are deviated from each other by a predetermined 
distance, and the positions of said protruded 
teeth (1 0a) coincide with the positions of the pole so 
teeth in either of said group of first line pole teeth 
(12, 13) and said group of second line pole teeth 
(14, 15). 



20. A stepping motor according to claim 1, wherein 55 
the portions of said protruded teeth (10a) facing 
said permanent magnet (5) are formed into 
curved surfaces. 
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